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1. GENERAL 

1.1 This section provides REA financed telephone companies, 

consulting engineers, contractors and other interested'' 

parties with technical information for use in the design and con- 
struction of telephone systems. The design-by-loss method of 
subscriber loop computations is discussed. 

1.2 This revised issue replaces REA TE&CM 426, Issue No. 1, dated 

. October 1965, and reflects changes in design objectives outlined 

in REA TE&CM 424, "Design of Two-Nire Subscriber Loop and PABX Trunk 
Plant, Issue No. 3, dated May 1973. 

1.3 The design procedure in Section 424 is such that no transmission 
/^®'lc^3-'tions have to be made where typical cable outside plant 

facilities are being used. Reference to the applicable tables in 
Section 424 shows the maximum length of outside plant facilities which 
meets the transmission objective or, in the case of mixed gauges, the 
maximum outside plant dc loop resistance. The computation procedures 
herein are intended to be a supplement to Section 424. 

1.4 The design-by-loss method is used in Section 424 to compute the 
1000 Hertz loss to any subscriber in the loop. This method, 

based on the actual transmission loss in the loop, not only makes it 
possible to know the actual loss of the loop in the design, but also 
to^verify Its performance by measurement. This can* be done initially, 
and thereafter, whenever transmission difficulties are being experienced 
or circuit rearrangements are being made. The one-man equipment which 
can be used to verify the design is the loop checker, ^ich consists I 
of a reference tone generator at the central office and a portable volt- 
meter which can be connected to any subscriber loop at a residence or ' 
any other convenient location. 



COMPUTATION PROCEDURE ■ ' - 

The computation procedure for obtaining the lOOO, Hertz 'loss 
using tbe design-By-loss method, is carried but as follows : ^ 

Total 1000 Hz Circuit Loss = Length (in kf or mi) times the 

attenuation at 1000 Hz (in dB/kf 
or dB/mi.) for each different type 
facility 


£u.j.u.gcu. xap isoj-axor 




+ Bridged Tap Loss 
Drop ¥ire Loss 
+ Subscriber Carrier Loss 
+ YF Repeater Gain 
+ Long Line Adapter Loss 
+ Loop Extender Loss 
Reflection Loss 
+ Other Losses or Gains 


2.2 


ae_ 1000 Hertz loss (or gain) for each of the facilities and 
_ equipment in paragraph 2.1 is given in Tables I - w 
gives a summary of all abbreviations used in this TE&CM. 

Srtion°of®?h^T® extended with nonloaded cable, the loaded 
That is, the loadfd loop°begiL 5 °e^fl ^^^at between 0.5 end sections, 
end (O.h to 0 6 is accen+sMA? ^ section at the central office 

last loading point. ^'"^"^^^^") 0*5 end section after the 

2.4 All applicable information in Tables I - iv for D bfi 
rates at ttei/Lt^alSn 

aU exaa^les 

resistance and attenuation tniSse S If 

Change the 68°r, 1000 Hertz “***“ “'an 68°?. 

in temperature for nonloaded cables and oL^ to every + lo°P change 
cables, a change of only + jOp necessit.f lines. Por loaded 

by ± H. DC loop resistance is fff! ff edifying the attenuation 
tame proportion as the loaded caSrittUltSl' ^ 

■ toilSfffhfinrlflfL* reflection loss for dissimilar 

facilities at 1000 Hertz is iTf IrlSr 'iSf 
approach is not theoretically rigoroS it L almpllfled 

loss in accuracy is not significant. ’ ^ Practical one and the 
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3. EXAMPLES 

3.1 Examples I-I 5 illustrate the computational procedure for a 

number of typical outside plant facilities. The central office 
loss of 0.5 dB is not shown and is not included in the subscriber loop 
loss budget. . 
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TABIE I 


FACILITY LOSS AT 1000 HERTZ 


FACILITY 

26-Ga. HL HC^ Cable 

24-Ga. HL " " 

22-Ga. HL " " 

19-Ga. HL ” " 


26-Ga. D-66^ H-88 HC 
2lj.-Ga. D-66, H-88 ” 
22-Ga. D-66, h-88 " 
19-Ga. d-66, h-88 " 


Cable 

ri 

tf 

tf 


.080” 

.091" 

.080" 

. 080 " 

. 102 " 

.104" 

.104" 

.109" 


- 25 % C-S Wire 

- Aluminum Wire 

- 305^ C-S Wire 

- 40^ " " I 

- 30^ " " > 

- 4o^ " " 

- CU C-S Wire 

- 135 Steel Wire 


Open 

Wire 


dB/mi 

2.90 

2.28 

1.80 

1.25 

1.86 

1.23 

0.82 

0.44 

0.30 

.28 

.28 

.23 

.20 

0.16 

.078 

.31 


dB/kf 

.549 

.432 

.341 

.237 

.352 

.233 

.156 

.083 

.057 ’ 
.053 


.038 

.030 

.015 

.059 


dB/km 

1.80 

1.42 

1.12 

.78 

1.16 

.76 

.51 

.27 

.186 

.174 

.174 

.143 

.124 

.099 

.048 

.037 


NOTES! 


1 . 

2 . 


miltipaired 

with 0.083 microfarads/mile average mutu 


shielded cables 
capacitance. 


Attenuation rates for D-66 and H-88 
approximately the same at 1000 Hertz 


loading 


are 
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TABLE II 


AVEEAGE DC CONDUCTION LOOP RESISTANCE AT 68°F (20°C) 


FACILITr 


OHyE/mi 


26 -Ga HC Cable 
24-Ga HC Cable 
22-Ga HC Cable 
19-Ga HC Cable 


440.0 

274.0 

171.0 
85.0 


.109" 

.109" 

.109" 

.109" 

.134” 

.104" 

.104" 

. 102 " 

.080" 

.091" 

.080" 

.080" 

.104" 


85 Steel Wire'^ 
135 Steel Wire 
195 Steel Wire 
190 Steel Wire 
135 Steel Wire 


30/a C-S Wire 
4o% C-S Wire 
30^® C-S Wire 
25% C-S Wire 


\ Open 
f Wire 


Aluminum Wire 
3 <yfo C-S Wire 
40^ C-S Wire 


CU H.D. 


66 mH Coll 
88 mH Coil 


Bridged Tap Isolator 


68.0 


76.5 

77.6 

94.2 
50.4 

32.3 

24.6 

35.9 

61.4 


60.9 

54.5 

41.6 
10.3 


6.0 Ohms/Coil 
8.5 Ohms/Coil 
20.0 Ohms/Coil 


OHMSAf 

ohmsA^ 

83.33 

273.4 

51.89 

170.3 

32.39 

106.3 

16.10 

52.8 . 

12.88 

42.3 

14.49 

47.5 

14.70 

48.2 

17.84 

58.5 

9.60 

31.3 

6.12 

20.1 

4.66 

15.3 

6.8 

22.3 

11.63 

38.2 

11.53 

37.8 

10.32 

33.9 

7.88 

25.8 

1.95 

6.4 


Maximum 

Maximum 

Maximum 


Voice Frequency Repeaters 60.O Ohms Nominal 

120.0 Ohms Maximum 
*' BOR (22-Ga.) 32.4 Ohms/fcf 
(24-Ga.) 51.9 Ohms^f 



TABLE III 


MISCELLAIEOUS LOSSES MD GAIKS AT 1000 HERTZ 


TRAKSMISSIOR 

EQUmEHT OR FACILITY ABEREVIATIOK LOSS OR GAIK 


Entrance to Central Office Loss COL 

Long Line Adapter Loss t.t.at, 

Loop Extender Loss PEL 


Bridged Tap Isolator Loss 
Rep. BOR Loss 
22 Gauge 
2h Gauge 

EBX Switchboard Loss 
PCM Subscriber Carrier Loss 
Station Carrier Loss 
Others Carrier Loss 
Bridged Tap Loss 
Drop Wire Loss 
Net Repeater Gain 
Reflection Loss 


BTIL 

BORL 

BORL 

BORL 

PBXSL 

PCM CXR 

SCXR 

CXR 

BTL 

DWL 

NRG 

RFL 


0.5 dB 
0.5 dB 

0.5 dB Maximuai 
(0.1-0.2 dB Nominal) 
0.3 dB 

G.I 52 dB/kf 

0.235 dB/kf 

0.5 dB 

2.0 dB 

4.0 dB 
0-4.0 dB 

0,25 dB/kf 
0.10 dB/kf 
"(AS SET) 

SEE TABLE IV 
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lABEE V 


Hz 

dB 

kf 

mi 

km 

YF 

KL 

HC 

Ga 

mH 

BOH 

CO 

COL 

LLAL 

LEL 

BTIL 

BOEL 

PBXSL 

PCM 

CXR 

PCMCXR 

SCXR 

BTL 


ABBEEVIATIOHS 

Hertz 

decibel 

kilofeet 

mile 

kilometer 
voice frequency 
non-loaded 
high capacitance 
gauge 

min iHenry 

build out resistance 

central office 

central office loss 

long line adapter loss 

loop extender loss 

bridged tap isolator loss 

build out resistance loss 

private branch exchange switchboard loss 

pulse code modulation 

carrier 

pulse code modulation ' sub;scrlber carrier 
station carrier 

bridged tap loss 
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ABBREYIAIIONS (CONTHTOED) 


DTHi 

drop wire loss 

KRG 

net repeater gain 

RFL 

reflection loss 

VIE 

voice frequency repeater 

MR 

negative resistance repeater 

AGC 

automatic gain control 

SAI 

serving area interface 

LP 

load point 

RDW 

rural distribution wire 



exi'-ipie; 1 


CO 


16.5 if 24 Gauge KL 


OSUBSCEIBER 


PC LOOP RESISTANCE 
16.5 kf, 24 gauge x 51.89 ohms/kf 
= 856 ohms 

KXX) Hz LOSS 

16.5 , 24 gauge x 0.432 dB/kf 
= 7.1 dB 


REFBEEMCE 
TAPIE II 


TABLE I 


8 “' s:: r 
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EXAMPLE 2 


-GO 


SUBSCRIBER "A" 
1 lEf 


, 12 kf . 

ALL CABLE 2 h GAUGE 


1 


kf 


3 ^ 


SUBSCRIBER "B' 


!• DC LOOP RESISTANCE Csttrgcbtrf.-r nA 

(12 + l + 3)kf , 2 k gauge x 51. 89 ohms/kf = 830 ohms 
2 . 1000 Hz. LOSS (SUBSCRIBER C) 

(12 + 1 + 3 ) 2 k gaiige x 0 .k 32 dB/kf _ 5,51 33 
BTL (1+2) X 0.25 dB/kf _ 0.75 dB 


Total 1000 Hz Loss 


= 7.66 dB 


3. 1000 Hz LOSS (SUBSCRIBER A) 


(12 + 1) kf, 2 k gauge x 0.432 dB/kf 
BTL (1 + 3 + 2) kf X 0.25 dB/kf 
Total 1000 Hz Loss 


=5.62 dB 
.= ,1.50 dB 
= 7.12 dB 


rf.O'i:- 


Example 2 illustrates , the? use of bridged taps. 


o SUBSCRIBER "C" 


REFERENCE 
TABLE II 

TABLE I 
TABLE III 

TABLE I 


TABLE II 




EXAMPIg 3 


CO 

( 

?— i 

^ — - 5 . 4 kf , 24 G-auge 

j 

□ 



2,6 ^ 2 h Gauge 


o SUBSCEIBER "B” 


O SUBSCRIBEE 


1 . 


DC LOOP EESiaTAwmi: 
SUBSCRIBER A - 


SUBSCRIBER B 


5.4 kf, 2 h gauge x 51. 89 ohms/kf 
= 280 ohms 

2.6 kf, 24 gauge X 5I.89 ohms/kf 


= 135 ohms 


beeererce 

TABLE II 

TABLE II 


2 . 


loop HZ LOSS (SUBSCRIBER A) 

5.4 kf, 24 gauge HI x 0.432 dB/kf 
BTL 2.6 kf X 0,25 dB/kf 


= 2.33 dB 
= 0.65 dB 


Total 1000 Hz Loss 2.98 dB 


TABLE I 
TABLE III 


Hiis exan^^ie shows 


mother use of bridged taps. 



EXAJVEPLE k 




SUBSCRIBER A 


14.2 22 gau^e x dB/kf =. I;.8A dT 




EXAMPLE 5 



SUBSCRIBER 


1. EC LOOP RESISTMCE 


23 kf , 2k gauge x 51. 89 ohmykf » 
3 IP's X 6 ohms/LP _ 

Total Loop Resistance 


1193 ohms 

18 ohms 
1211 ohms 


reference 

TABLE II 
TABLE III 


2- 1000 HZ LOSS 

13.5 kf^ 24 gauge D -66 x O.233 dB/kf 
9.5 kf, 2k gauge rl x 0.432 dB/kf 
Reflection Loss 24-D-66/24-HL 


= 3 . 15 dB 

= 4.10 dB 
= -0.1 dB (ignore) 


TABLE I 
TABLE I 
TABLE IV 


Total 1000 Hz Loss 7.25 dB 

0.5 end sectlone. Any ** thet between 

tMt tbe end -etdonene^t?/^“ -^^.^ote 



EXAMPLE 6a 


Rptr. (]!tRG=6.5clB) 



1. DC LOOP BESISTACTCE 

82 Xf, 22 gauge x 32.39 ohm/kf = 2656 ohms 
17 LP's X 6.0 ohms/LP = 102 ohms 

VPR-HRE Negative Resistance Rptr. = 60 r.hTn.Q 

Total DC Loop Resistance 28l8 ohms 


2. 1000 HZ LOSS 

76.5 22-D-66 X 0.156 dB/kf = II.93 dB 

5.5 kf, 22-Nl X O.3U1 dB/kf = 1.88 dB 

Loop Extender Loss = 0.2 dB 

HBG = -6.5 dB 

Total 1000 Hz Loss 7.51 dB 


EXAMPLE 6b (SAME AS 6a EXCEPT USING AGO REPEATER) 

1000 HZ LOSS 

76.5 kf, 22-D-66 X 0.156 dB/kf 

5.5 kf, 22-NL X O.3I+I dB/kf 
Loop Extender Loss 
AGC Gain'*' 

Total 1000 Hz Loss 6.01 dB 

6a. Because of tHe very long transml.ssion path^ it is necesssry to use a 

voice frequency repeater here for amplification to keep the transmission 
loss less than the 8 dB limit. In addition, a loop extender is needed to 
Improve signaling since the loop resistance is greater than I700 ohms. 

6h. This example is identical to 6a except that it illustrates the use of an 
automatic gain control (AGC) repeater. The repeater manuf antur er ' s in- 
: structions should be followed in calculating the gain of this type 
r^eater. 


= 11.93 dB 

= 1.88 dB 
= .2 dB 
= - 8.00 dB 


TABLE I 
TABLE I 
TABLE III 


REFERENCE 

TABLE II 
TABLE II 
TABLE II 



EXAMPIE 7 


HYBRID 

EEREATEE 

LP9 LPIO 

— ^HXhX— 

— H 4.5 kf H— 



4o.5 kf 22-D-66 


67.5 22-D-66 


LP24 


X OSUB. 



♦ 


1. DC L(X)P RESIS!EAHCE 

108 kf, 22 gauge x 32.39 ohm/kf = 311.98 ohms 

^4 DP s X 6 ohmsy^DP = l44 ohms 

^ = 120 ohms 

Total DC Loop Resistance 3762 nVitna 

2. 1000 HZ LOSS 

108 kf, 22-D-66 X 0.156 dB/kf 
Loop Extender 
HEG 

Total 1000 Hz Loss 


= 16.85 dB 
= .2 dB 

-10.0 dB 
7.05 dB 


REEEEENCE 
TABLE II 

TABLE II 
TABLE II 


EEPEREHCE 
TABLE I 


Exangyle 7 illustrates the use of a Inrh-P-ifl j. 

resistance is 120 ohms instead of thJ^S^ repeat er. Note that the 

negative resistance^pSte? ^ associated with a 



EXAMPLE 8 


SAI 


CO WITH 
PCM 

TERMINAL 


PCM SPAN LINE 


■2 dB 



■ 2.25 kf 

2.25 kf— ^ 

X X X 


18 k:^ 24-D-66 
22kf - 


“O SUB. 


4 tf 

24 Gauge 
NL 


DC LOOP RESISTANCE 

REEERENCE 

22 kf, 24 gauge x 51 -89 dB/kf = ll42 ohms 

4 LP's X 6.0 ohms/LP = 24 ohms 

Total DC Loop Resistance II 66 ohms 

TABLE II 
TABLE II 

1000 HZ LOSS 

REFERENCE 

18 kf , 24-D-66 X 0.233 dB/kf = 4.19 dB 

4 kf, 24-NL X 0.432 dB/kf = 1.73 dB 

Reflection Loss 24-D-66/24NL = -0.10 dB (ignore) 

TABLE I 
TABLE I 

TABLE IV 


PCM CXR Loss 

Total 1000 Hz Loss 






1. DC LOOP BBSISTMCE 

10 ^ 22 gauge HL x 32.39 ohms/kf = 324 ohms 

2. 1000 HZ loss 

lOfef , 22 gauge KE, x 0.34l dB/kf _ 3,41 ^ 
Subscriber Carrier Loss = 4.00 dB 

Total 1000 Hz Loss 7.4l dB 


REHEKEITCE 
TABLE II 


station carrier is illustrated in this example Note 
that the maximum resistance to the subscriber is detSined bv 
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example 10 



31.5 kf 24-D-66 ^ ^ — 


1. DC LOOP RESISTMCE 

31.5 kf, 24-D-66 X 51-89 ohms/kf = 1635 ohms 

7 LP's X 6.0 ohms/LP = 42 ohms 

Total DC Loop Resistance I 677 ohms 

2, 1000 HZ LOSS 

31.5 kf, 24-D-66 X 0.233 dB/kf = 7.34 dB TABLE I 


REPEREMCE 
TABLE II 


Example 10 illustrate the use of a concentrator. Note that the 
concentrator trunk is a physical circuit. 




EXAMPLE 11 


SAI WITH COWCENTEATOR 



PCM SPAN LIKE 

V 

CO 


A 




— O SUBSCRIEEE 


T 


n jp 

- 

J 


11.25 fcf 


24-D-66 


1. DC. LOOP RESISTANCE 

11.25 kf 24-D-66 X 51.89 ohms/kf = 584 ohms 

3 LP's X 6,0 ohms/LP = 18 nVimg 

Total DC Loop Resistance, 602 nVimg 


REEERERCE 
TABLE II 
TABLE II 


2. 1000 HZ LOSS 

11.25 kf 24-D-66 X 0.233 dB/kf 
PCM Carrier Loss 
Total 1000 Hz Loss 


2.62 dB 
2.00 dB 

4.62 dB 


REFERENCE 
TABLE II 
TABLE III 


This example is the same as Example 10 except that the concentrator 
trunk is replaced by a PCM carrier system. Loading of the line 
beyond the SAI isn't necessary but the load coils may be left in if 
it is economically desirable to do so. 
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EXAMPLE 12 



DC LOOP RESISTANCE 


REEERENCE 

31.5 kf, 2 k-'D -66 X 51.89 ohms/kf = 

1635 ohms 

TABLE II 

7 LP's X 6 ohms/LP = 

1+2 ohms 

TABLE II 

Total DC Loop Resistance 

1677 ohms 


1000 HZ LOSS 



31.5 kf, 24-D-66 X 0.233 <iB/kf 

7.34 dB 



In this example the SAI is a shorter +>'« r,7^-hnTnnm 

one-half section from the first loa^^ 
not create any problem. 






1. DC LOOP RESISTANCE 

12,375 kf, 2k-D-66 X 51.89 ohms/kf = 642 ohms 
3 IP s X 6 ohms/LP = j[5 ohms 

660 ohms 


2. 1000 HZ LOSS 

12.375 k:^ 24-D-66 X 0.233 dsAf = 2.88 dP 

PCM Carrier Loss = 2.00 dB 

Total 1000 Hz Loss 4,88 dB 


REPERggrCE 
TABLE II 
TABLE II 

REPEREICE 
TABLE I 
TABLE II 


As in Example li 
left in. ’ 


the load coils are not needed but they may be 
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EXAMPI^: l4 



PBX 


DC LOOP BESISTANCE 


76.5 kf , 24-D-66 X 51.89 ohms/kf 

= 3970 ohms 

17 LP's X 6 ohms/LP 

= 102 ohms 

2 KBE 

= 120 ohms 

Total Loop Eesistance 

4192 ohms 


BEFEBENCE 
TABLE II 
TABLE II 
TABLE II 


2. 1000 HZ LOSS 

76.5 kf, 24-D-66 X 0.233 <3B/kf 
KEG 2x(- 7 dB) 

Total 1000 Hz Loss 


17.82 dB 
-14.00 dB 
3.82 dB 


BEEEBEKCE 
TABLE I 
TABLE III 


This Illustrates an exceptional case in which the PBX is located 
so great a distance from the central office that gain is required 
at both ends of the trunk. 



